Iron and iron-responsive proteins in the cardiomyopathy of Friedreich's ataxia.
Hypertrophic cardiomyopathy is a common complication of Friedreich's ataxia (FRDA). Histological sections reveal abnormal cardiomyocytes, muscle fiber necrosis, reactive inflammation, and increased endomysial connective tissue. Scattered muscle fibers display perinuclear collections of minute iron-positive granules that lie in rows between myofibrils. Frataxin deficiency in FRDA causes mitochondrial iron dysmetabolism. We studied total iron and the iron-related proteins ferritin, mitochondrial ferritin, divalent metal transporter 1 (DMT1), and ferroportin in FRDA hearts by biochemical and histological techniques. Total iron in the left ventricular wall of FRDA patients (30.7+/-19.3 mg/100 g dry weight) was not significantly higher than normal (31.3+/-24.1 mg/100 g dry weight). Similarly, cytosolic holoferritin levels in FRDA hearts (230+/-172 microg/g wet weight) were not significantly elevated above normal (148+/-86 microg/g wet weight). The iron-positive granules exhibited immunoreactivity for cytosolic ferritin, mitochondrial ferritin, and ferroportin. Electron microscopy showed enhanced electron density of mitochondrial deposits after treatment with bismuth subnitrate supporting ferritin accumulation. The inflammatory cells in the endomysium were reactive for CD68, cytosolic ferritin, and the DMT1 isoform(s) translated from messenger ribonucleic acids containing iron-responsive elements (DMT1+). Progressive cardiomyopathy in FRDA is the likely result of iron-catalyzed mitochondrial damage followed by muscle fiber necrosis and a chronic reactive myocarditis.